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Using Scanning Electron Microscopy and Morphologic Characteristics 
to Identify Centric Diatom Species in San Francisco Bay
ABSTRACT
Planktonic diatoms exhibit high biodiversity in marine systems and make a 
significant contribution to water column primary productivity. This makes 
research on planktonic diatoms particularly important in measuring the 
health of coastal marine ecosystems. At the University of San Francisco 
(USF), research has been conducted since September 2015 to study 
planktonic diatoms in San Francisco Bay. A previous study by Keith (2018), 
Planktonic Diatom Species Succession in San Francisco Bay, documented 
changes in species diversity over time, observing seasonal patterns in species 
richness as well as the effect of environmental factors such as salinity, 
temperature, and rainfall on species succession. In her work, an abundance 
of centric diatoms was present, indicating their essential role in local 
phytoplankton communities; however, the majority of observed centric taxa 
could not be identified with light microscopy. The current study is using 
scanning electron microscopy to examine phenotypic characteristics of cells 
from field collections and clonal cultures to identify the individual species 
that make up the assemblage of dominant centric diatoms. As of April 2020, 
five species have been verified: Actinocyclus curvatulus, Actinoptychus 
undulatus, Coscinodiscus oculus iridis, Thalassiosira lentiginosa and 
Thalassiosira  nordenskjoeldii.  
METHODS
Sample collection and processing. Samples were collected with a 64 μm 
mesh plankton net near the Golden Gate Bridge, San Francisco. The field 
samples were preserved in 50% ethanol, rinsed in deionized water, and then 
treated with hot nitric/sulfuric acid to remove the organic material. Since the 
frustules (walls) of diatoms are made of silica (glass), these remain intact 
and cleared of cell debris.
Taxonomic identification. Centric diatoms were initially examined under the 
light microscope, but it was not possible to identify many of the cells to the 
species level. Scanning electron microscopy (SEM) is now being used to 
allowed a more detailed view at a higher magnification and to eventually 
calculate the relative abundance of each species over time (Figure 1).
WHY DIATOMS?
Diatoms are single-celled algae covered with intricate designs of silica glass. These are 
important organisms as they produce ≥50% of the oxygen we breathe, serve as important 
energy sources for the aquatic food chain system, and are one of the most diverse protist 
groups to have existed. Since 71% of the Earth is covered in water, it is important to 
understand the health condition of marine ecosystems. Diatoms are good indicators for 
assessing and monitoring aquatic systems. 
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Figure 4. Centric diatoms viewed with SEM. (A-C) Thalassiosira  nordenskjoeldii. A) external valve face shows labiate process (arrow) and 
beveled edge. B) external valve face shows central process with filamentous structure attached (arrow) and strutted processes (circled).
C) internal valve face shows linear, uniform areolae and labiate process (circled). (D-G) Thalassiosira lentiginosa, labiate process (circled). 
D) external valve face shows slight beveled edge. E) internal valve face shows hexagonal areolae. F) full cell with girdle bands. G) full cell 
shows spines at the upper edge of the bevel. (H-L) Coscinodiscus oculus iridis. H) external valve face. I) internal valve face shows radial 
areolae and small circular pores. J) higher magnification view of I shows central rosette. K) marginal tube-like processes (range from ~7-10 
micrometers apart) only visible in internal valve view.  L) higher magnification of H shows “flower configuration” of pores only visible in 
external valve view. (M-N) Actinoptychus undulatus. M) external valve face shows six alternately raised and depressed sectors, smooth 
central area, and a beveled edge. N) higher magnification of M shows strongly areolated outer membrane, less areolated inner membrane, one 
marginal porelike process (circled), and numerous marginal spinulae. (O-R) Actinocyclus curvatulus. O) external valve face is concave 
(margins more raised than the center) and shows radial areolae of all equal sized pores which are divided into triangular sections extending 
from the center. P) higher magnification of O shows pseudonodulus visible slightly away from the marginal band. Q) internal valve face with 
sand grains (arrow) shows evenly spaced labiate processes on the wall of the valve (~10 micrometers apart). R) higher magnification of Q 
shows labiate processes (circled) and that areolae persist on valve walls.
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Figure 1. Scanning electron microscopy (SEM) A) Schematic of how 
SEM works (image from https://www.gt-ind.com.sg/services_sem.html).
B) The Hitachi TM3030 SEM at USF (image from 
https://www.hitachi-hightech.com/eu/product_detail/?pn=em-tm3030&ve
rsion=).
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PREVIOUS WORK
Keith (2018) studied the seasonal occurrences of phytoplankton species in the San 
Francisco Bay from 2015-2017. Many taxa were easy to identify under light microscopy, 
however, a number of centric diatoms could not be taxonomically separated. She found 
that during winter these centric diatoms accounted for up to 80% of cells present, making 
these taxa an important component of the Bay ecosystem (Figure 2). The aim of this 
project is to characterize the different species of these centric diatoms using SEM.
Figure 2. Relative abundance of centric diatoms in San Francisco Bay from Sept 
2015 to Dec 2017 (Keith 2018). 
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Figure 3. Centric diatoms viewed with light microscopy at varying 
magnifications. A) Valve (round) and girdle (rectangular) views (100x). B) 
Examples of different sizes and patterns (200x). C) “clean” valve (frustule) 
(400x). D-F) valve pattern obscured by chloroplasts (400x).
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